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(S) Method and apparatus for semiconductor device processing. 



(57) A multipurpose chuck apparatus (100) has a 
chamber (112) for holding a medium (114). The 
medium (114) is heated into a high temperature 
molten state by a radio frequency induction 
heating coil (130). The medium (114) heats up a 
semiconductor material (118) through a chuck 
member (116) that separates the medium (114) 
from the semiconductor material (118). The 
heating performed by the radio frequency in- 
duction heating coil (130) generates a fluid flow 
within the medium (114), providing a uniform 
temperature distribution throughout the 
medium (114). A magnetic rotation device (144, 
146) controls movement of rotating member 
(121) having a mixing member (122) and rotat- 
ing fins (184, 186) to ensure complete uniform 
temperature distribution throughout the 
medium (114), especially in the vicinity of the 
chuck member (116). An inlet cooling tube (122) 
and an outlet cooling tube (124), isolated from 
the medium (114) provide cooling fluid to the 
chuck member (116) for temperature control of 
the semiconductor material (118). 
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TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to microelectronics device fabrication processes and more particularly to 
a method and apparatus for uniform semiconductor material processing in a semiconductor device fabrication 
5 equipment. 

BACKGROUND OF THE INVENTION 

In a variety of semiconductor device fabrication processes, a semiconductor wafer is heated or cooled and 
10 the desired fabrication process occurs on the temperature controlled semiconductor substrate. To establish 
good manufacturing process control, the semiconductor substrate should have a uniform temperature distrib- 
ution across its entire surface to avoid fabrication process nonuniformities and manufacturing yield loss. 

Conventional semiconductor processing reactors, however, are unable to effectively provide a uniform 
temperature distribution across the entire semiconductor wafer surface, especially at higher processing tem- 
15 peratures. Further, conventional fabrication reactors do not have the flexibility to operate over a wide range 
from low temperature processing to high temperature processing while still maintaining a uniform temperature 
distribution across the semiconductor wafer. Higher processing temperatures (e.g., 300°C to 1000°C) are re- 
quired for a variety of device fabrication process steps in silicon technologies. These include chemical-vapor 
deposition (CVD) processes and plasma-enhanced CVD (PECVD) processes for deposition of various material 
20 layers. Other thermally activated high temperature device fabrication processes include thermal anneals for 
implant activation and dopant redistribution as well as thermal oxidations. On the other hand most plasma etch 
processes usually require lower substrate temperatures (e.g., -150°C to 150°C). 

SUMMARY OF THE INVENTION 

25 

From the foregoing, it may be appreciated that a need has arisen for a fabrication chuck that maintains a 
uniform temperature distribution across an entire surface of a material substrate semiconductor wafer. A need 
has also arisen for a low thermal mass apparatus that provides capabilities for uniform processing of a sem- 
iconductor wafer over a wide range of processing temperatures for a variety of applications including plasma 

30 etch, depositions, and thermal anneals. 

In accordance with the present invention, a method and apparatus for uniform semiconductor processing 
are provided which substantially eliminate or reduce disadvantages and problems associated with conventional 
heating and cooling chucks in semiconductor processing systems. 

The present invention includes a chamber for holding a medium. The chamber is enclosed at one end by 

35 a chuck member that separates the medium from a semiconductor wafer within a process environment outside 
the chamber and in contact with the chuck member. A heating coil surrounds the chamber and transforms the 
medium into a high temperature molten fluid state. The molten medium uniformly heats the semiconductor ma- 
terial through the chuck member for thermally activated fabrication processes. 

The present invention provides various technical advantages over conventional semiconductor processing 

40 chucks. For example, one technical advantage is in providing a uniform temperature distribution across the 
semiconductor wafer. Another technical advantage is to provide capabilities for uniform high temperature and 
low temperature semiconductor processing over a wide range of processing temperatures. Still another tech- 
nical advantage is in controlling the temperature of the semiconductor material through rapid applications of 
desired heating and cooling resulting in relatively fast heat-up and cool-down rates for rapid wafer temperature 

45 control and processing. Other technical advantages are readily apparent to one skilled in the art from the fol- 
lowing figures, descriptions, and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so For a more complete understanding of the present invention and the advantages thereof, reference is now 

made to the following description taken in conjunction with the accompanying drawings, wherein like reference 
numerals represent like parts, in which: 

FIGURE 1 illustrates a schematic general view of an advanced vacuum processor (AVP) system; 
FIGURE 2 illustrates a sectional diagram of a multipurpose chuck apparatus; 
55 FIGURE 3 illustrates a cross-sectional view of the outer metallic housing of a multipurpose chuck appa- 

ratus; 

FIGURE 4 illustrates a cross-sectional view of the melt chamber of a multipurpose chuck apparatus (along 
with a top view); 
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FIGURES 5A-D illustrate cross-sectional and plan views of the melt mixer assembly of the melt chamber 
of a multipurpose chuck apparatus; 

FIGURES 6A-B illustrate cross-sectional and plan views of the center tube and bottom metallic plate of a 
multipurpose chuck apparatus; 
5 FIGURES 7A-B illustrate cross-sectional and plan views of the upper water cooling module of a multipur- 

pose chuck apparatus; 

FIGURES 8A-B illustrate cross-sectional and plan views of the lower water cooling module of a multipur- 
pose chuck apparatus; 

FIGURES 9A-B illustrate cross-sectional and plan views of the RF induction heating coil of a multipurpose 
10 chuck apparatus; 

FIGURE 10 illustrates a simplified pictorial of current flow within a chamber of the multipurpose chuck ap- 
paratus; 

FIGURE 11 illustrates a simplified pictorial of the chamber within the multipurpose chuck apparatus; 
FIGURE 12 illustrates a graph depicting a heat concentration percentage within the chamber; 
15 FIGURES 13A-C illustrate possible configurations of rotating fins within the chamber; 

FIGURE 14 illustrates a simplified diagram of an alternative embodiment of the multipurpose chuck ap- 
paratus; and 

FIGURE 15 illustrates possible placements of thermocouple devices within a chuck member of the multi- 
purpose chuck apparatus. 
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DETAILED DESCRIPTION OF THE INVENTION 



FIGURE 1 is a simplified diagram of an advanced vacuum processor (AVP) system 10. AVP system 10 
includes a computer 12 with a display monitor 14 and a keyboard 16. Semiconductor wafers are placed in a 

25 load lock chamber 1 8 for fabrication in a process chamber 1 9. A multipurpose chuck apparatus 1 00 is installed 
above and within process chamber 19. AVP system 10 also includes control panels 20 and 22, backplane 24, 
and power distribution box 26. Gas injected into process chamber 19 comes from a gas box 28. Circuitry for 
AVP system 10 is placed in a card cage 30. Throttle control for AVP system 10 is performed at throttle valve 
32. AVP system 10 performs single wafer fabrication processes. 

30 FIGURE 2 is a sectional diagram of multipurpose chuck apparatus 100 for use in semiconductor fabrication 

equipment such as AVP system 10. Multipurpose chuck apparatus 100 includes a chamber 112 filled with a 
medium 114. Medium 114 lies in contact with a chuck member 115 having a chuck plate 116 that isolates me- 
dium 114 from a semiconductor material 118 within a process chamber 119 and in contact with chuck plate 
116. Chamber 112 is formed within a melt chamber wall 120. A mixing member assembly 121, having a stirring 

35 cylinder 122 and stirring disks 124, lies within chamber 112 such that mixing member assembly 121 does not 
come in contact with melt chamber wall 120 or chuck plate 116. A center tube 126 lies completely within mixing 
member assembly 121 and connects to chuck plate 116. Multipurpose chuck apparatus 100 also includes an 
inner insulating jacket 1 28 that separates chamber 1 1 2 and melt chamber wall 1 20 from a tubing 1 30 that con- 
tains a radio frequency (RF) induction heating coil 132. An outer insulating jacket 134 surrounds tubing 130 

40 and is enclosed by an outer housing 136. Outer housing 136 may be fluid cooled through an inlet 138. 

Tubing 130 receives fluid for cooling RF induction heating coil 132 from an upper fluid cooling module 140 
and outputs fluid through lower fluid cooling module 142. Mixing member assembly 121 connects to an inner 
magnetic assembly 144 and rotates on bearings in response to an outer magnetic assembly 146. A motor 148 
drives a pully assembly 149 to rotate outer magnetic assembly 146 on bearings and force inner magnetic as- 

45 sembly 1 44 and mixing member assembly 1 21 to rotate in response to the rotation of outer magnetic assembly 
146. Further insulation of multipurpose chuck apparatus 100 is provided by an insulating ring 150, an insulating 
plate 152, insulating housing 154, insulating cap 156, insulating member 158, and insulating segment 160, and 
insulating block 162. 

FIGURE 3 is a cross-sectional view of outer housing 136. Outer housing 136 connects multipurpose chuck 
so apparatus 100 to process chamber 119 at a bottom plate 170. Outer housing 136 encloses components of mul- 
tipurpose chuck apparatus 100 within a sidewall 172. A pipe 174 is connected to sidewall 172 to allow fluid to 
be placed within sidewall 172 from inlet 138 for cooling outer housing 136. Outer housing 136 is preferably 
made of 31 6L stainless steel and has a thickness of approximately 0.5 inches (1 .27 cm). 

FIGURE 4 is a cross-sectional view of melt chamber 112. Melt chamber 112 is enclosed by side meltcham- 
55 berwall 120 and bottom melt chamber wall 176. Side melt chamber wall 120 is connected to a mounting block 
1 78 for interior connection and structural bracing within multipurpose chuck apparatus 1 00. Side melt chamber 
wall 120, bottom melt chamber wall 176, and mounting block 178, all enclosing melt chamber 112, are prefer- 
ably made of 316L stainless steel and a thickness of approximately 0.1 inches (.254 cm). 
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FIGURES 5A-D are cross-sectional and plan views of mixer member assembly 121. FIGURE 5A shows a 
cross-sectional view of mixer member assembly 121. Mixer member assembly 121 includes a connection ring 
180 connected to a sidewall 182. Stirring cylinder 122 connects to sidewall 182. Sidewall 182 also connects 
to stirring disk 124 that includes upper stirring fins 184 and lower stirring fins 186. FIGURE 5B is a sectional 

5 drawing of connection ring 180. Connection ring 180 attaches mixing member assembly 121 to inner magnetic 
assembly 144. Rotation of inner magnetic assembly 144 on its bearings forces mixing member assembly 121 
to rotate due to the attachment of connector ring 180. FIGURE 5C is a plan view of stirring cylinder 122. Stirring 
cylinder 122 has threads 188 that assist in stirring liquid medium 114 within chamber 112. FIGURE 5D is an 
upper plan view of stirring disk 124. Stirring disk 124 connects to sidewall 182 and rotates upon rotation of 

10 inner magnetic assembly 144. Upper stirring fins 184 on stirring disk 124 assist in mixing liquid medium 114 
within chamber 112. Stirring fins 186 are located on the bottom side of stirring disk 124. Stirring disk 124 also 
includes feedthrough holes 190 that allow medium 114 to flow through stirring disk 124 for maximum medium 
114 flow. Center tube 126 extends through stirring disk 124. All components of mixer member assembly 121 
are preferably made of 31 6L stainless steel. 

15 FIGURES 6A-B are cross-sectional and plan views of center tube 126 and bottom chuck plate 115. FIGURE 

6A shows a cross-sectional view of center tube 126 and bottom chuck plate 115. Center tube 126 provides a 
passage 1 92 to allow for hel ium purge of bottom chuck plate 115 and placement of a thermocou pie at the center 
of bottom chuck plate 115. Center tube 126 and bottom chuck plate 115 are preferably made of 31 6L stainless 
steel. FIGURE 6B is a plan view of chuck member 115. Chuck member 115 has radial grooves 194 and circular 

20 grooves 1 96 for distributing the purge gas flow. 

FIGURES 7A-B are cross-sectional and plan views of upper fluid cooling module 140. FIGURE 7A is the 
cross-sectional view of upper fluid cooling module 140. FIGURE 7B is the plan view of upper fluid cooling mod- 
ule 140. Upper fluid cooling module 140 includes a fluid receiving tube 198 that receives fluid for flow within 
upper fluid cooling module 140 and into tubing 130 and around RF induction heating coil 132. Upper fluid cool- 

25 ing module 140 is preferably made of aluminum. 

FIGURE 8A-B are cross-sectional and plan views of lower fluid cooling module 142. FIGURE 8Ais a cross- 
sectional view of lower fluid cooling module 142. FIGURE 8B is the plan view of lower fluid cooling module 
142. Lower cooling module 142 includes a fluid outlet pipe 200 for removing fluids from tubing 130 as inserted 
into upper fluid cooling module 140. Lower cooling module 142 is preferably made of aluminum. 

30 FIGURES 9A-B are side and plan views of tubing 130 containing RF induction heating coil 132. FIGURE 

9A is the upper plan view of tubing 130 showing a circular configuration. FIGURE 9B is a side view of tubing 
130. Though shown with eight coil turns, tubing 130 may have any number of coils. Tubing 130 is preferably 
made of aluminum or copper alloy. 

During operation of multipurpose chuck apparatus 100, RF induction heating coil 130 activates, placing 

35 medium 114 into a molten state and causing eddy current losses within medium 114. As shown in a simplified 
pictorial of FIGURE 10, the primary current in RF induction heating coil 130 generates an alternating magnetic 
flux that induces a voltage in medium 114, resulting in a secondary current flowing within medium 114 in the 
opposite direction of the primary RF induction heating coil current. The secondary current, or Focault current, 
causes the eddy current losses that heat medium 114. Eddy current losses also create intermixing fluid flows 

40 in medium 114, resulting in uniform temperature distribution over chuck member 116. 

For maximum stirring effect and heating capability with a semiconductor material 118 being a six inch wafer 
on an eight inch chuck member 116, an RF induction heating power supply RF1 to drive RF induction heating 
coil 130 may have a power output from 5000-10000 watts at a frequency from 10-50 KHz in order to rapidly 
reach a steady state temperature of 300°C to 1000°C across semiconductor material 118. Frequency selection 

45 is determined based on the desired heating of medium 114, the electrical efficiency, and the desired degree 
of stirring. Typically, the lowest possible frequency of a power supply driving RF induction heating coil 130 is 
chosen that maximizes the stirring effect of medium 114 and minimizes the direct heating of housing 1 36, mix- 
ing member assembly 121, melt chamber wall 118, and center tube 126. The stirring effect on medium 114 is 
proportional to the square of the ampere-turns of RF induction heating coil 130. 

50 For enhanced heating at low temperatures, a cylinder may be placed within medium 114. The cylinder may 

be made of a ferromagnetic material with a high curie point temperature (greater than approximately 1000°C). 
Ferromagnetic materials satisfying this criteria include cobalt, iron, or an iron-cobalt alloy. 

For optimum high temperature uniform distribution applications through eddy current losses, medium 114 
should have a high boiling point (greater than the highest operating temperature for the apparatus such as 

55 1200°C), a low vapor pressure at the highest operating temperature (less than 1 Torr), a low melting point (be- 
low the minimum temperature desired for high temperature processing), and a low electrical resistivity. Metallic 
materials which fall into the above criteria include tin, indium, and gallium. Other metallic materials may be se- 
lected for particular temperature applications. The rate of heating is a function of the electric and magnetic 
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properties of medium 114, the frequency of the power supply for RF induction heating coil 130, and the cylin- 
drical radius of chamber 112. Table I shows the temperature rise during a short period of time for an experi- 
mental run of multipurpose chuck apparatus 100 for tin at a frequency of 45 KHZ and a chamber radius of 4 
inches. 



TABLE I 
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Frequency at 45 KHZ 
Medium - Tin 



TIME (MINUTES) 


TEMPERATURE (DEGREES 
CELSIUS) 


0.0 


22.4 


0.5 


95.8 


1.0 


136.0 


1.5 


160.0 


2.0 


183.6 




192.4 


O.U 


214.0 


3.5 


275.0 


4.0 




4.5 


402.0 


5.0 


451.0 


5.5 


530.0 


6.0 


571.0 


6.5 


604.0 


7.0 


626.0 


7.5 


658.0 


8.0 


670.0 


8.5 


684.0 


9.0 


692.0 


9.5 


697.0 


10.0 


700.0 




707.0 Temperature at 
Turn off 



45 Though eddy current losses cause intermixing of medium 114, further mixing of medium 114 may be re- 

quired for complete uniform temperature distribution across chuck member 116. As shown in FIGURE 11, the 
secondary current induced in cylindrical medium 114 flows in a circular path distributed within chamber 112. 
The secondary current strength decreases radially, resulting in higher temperatures within outer portion of me- 
dium 114 closer to RF induction heating coil 130 than a section of medium 114 closer to the center of chamber 

so 112. FIGURE 12 is a graph of the heat concentration percentage at different points within a chamber 112 hold- 
ing medium 114. Depending on the material used for medium 114, the frequency of RF induction heating coil 
130, and the dimensions of multipurpose chuck apparatus 100, further stirring of medium 114 may be neces- 
sary for complete uniform temperature distribution. 

To offset such a possible temperature non-uniformity of medium 114 at the wafer contacting surface 116, 

55 a mixing member assembly 121 is placed within chamber 112 to provide further mixing of medium 114. Rotation 
of outer magnetic assembly 146 forces mixing member assembly 121 to spin within chamber 112 in response 
to inner magnetic assembly 144. Mixing member assembly 121 employs a stirring disk 124 having stirring fins 
184 and 186 that stretch the length of chuck plate 116 to ensure temperature uniformity of medium 114 at the 
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surface of chuck plate 116 and thus a uniform temperature distribution across semiconductor wafer 118. Stir- 
ring cylinder 122 attached to mixing member assembly 121 provides mixing of medium 114 within chamber 
112 in the vicinity of RF induction heating coil 130. By employing inner and outer magnetic assemblies 144 
and 146, mixing member assembly 121 with stirring cylinder 122 and stirring disk 124 do not come in contact 

5 with bottom or sidewalls of chamber 112 and avoid application of vibration forces onto semiconductor material 
118. This magnetic coupling arrangement also allows application of vacuum to medium 1 12 to prevent oxidation 
of liquid medium 114 during high-temperature processing. FIGURES 13A-B depict possible alternative fin con- 
figurations of stirring disk 124. 

Additional heating may be provided by introducing a fluid, such as an inert gas, into upper chamber 112. 

10 The fluid fills the space within chamber 112 above medium 114 at a specified pressure. Additional energy ab- 
sorbed in the fluid via plasma generation is transferred to medium 114 as heat. 

FIGURE 14 shows an alternative embodiment of multipurpose chuck apparatus 1 00. An inlet cooling tube 
210 and an outlet cooling tube 21 2 surround center tube 126 and lie within mixing member assembly 121. Inlet 
cooling tube 210 and outlet cooling tube 212 are isolated from medium 114 and mixing member assembly 121. 

15 Chuck member 115 has a cavity 214 for receiving cooling fluid from inlet cooling tube 210 for distribution 
through outlet cooling tube 212. The cooling fluid may be compressed air or compressed liquid-nitrogen-cooled 
helium. 

For low temperature and rapid thermal processing, inlet cooling tube 210 within chamber 112 can send 
chilled fluid into cavity 214 within chuck member 115 and return the chilled fluid through outlet cooling tube 

20 212 within chamber 112. In this manner, maximum control of the temperature of semiconductor material 118 
can be achieved. Multipurpose chuck apparatus 100 can vary the temperature of semiconductor material 118 
from cryogenic temperatures of approximately -150°C to high thermal temperatures of over 1000°C. 

FIGURE 15 illustrates a possible placement of thermocouple devices within chuck member 115 in order 
to measure temperature of semiconductor material 118. Thermocouple devices can be placed within chuck 

25 member 115 in the vicinity of semiconductor material 118 to monitor and control the temperature across an 
entire area of semiconductor material 118. A thermocouple feedthrough and helium purge center tube 126 al- 
lows for the placement of a thermocouple at the center of semiconductor material 118 and also provides for 
fluid flow, such as helium, to the back side of semiconductor material 11 8 for good thermal contact. The isolation 
of inlet cooling tube 210 and outlet cooling tube 212, that provide chilled fluid to chuck member 115, from me- 

30 dium 114 within chamber 112 ensures effective temperature control of semiconductor material 118. 

All insulation layers ensure that the outside shell of multipurpose chuck apparatus 100 remains at room 
temperature despite the high temperature of medium 114 within chamber 112. Outer housing 136 may also 
have a cooling inlet 138 for the flowing of water within outer housing 136 to assist in keeping the shell of mul- 
tipurpose chuck apparatus 100 at room temperature. Further cooling can be provided to RF induction heating 

35 coil 132 by flowing water into tubing 130 from upper and lower fluid cooling modules 140 and 142. 

Multipurpose chuck apparatus 1 00 may be used in a wide variety of semiconductor processing techniques 
including chemical-vapor deposition, thermal anneals and oxidations, epitaxial growth, and plasma etching. 
For further flexibility, multipurpose chuck apparatus 100 may be constructed with high thermally conductive 
and electrically resistive nonmagnetic metal, such as stainless steel or molybdenum, for compatibility with mag- 

40 netron plasma excitation. Semiconductor material 118 may be separated from chuck plate 116 by an intermedi- 
ate layer, not shown, to prevent possible contamination of semiconductor material 118 by chuck plate 116. Mul- 
tipurpose chuck apparatus 100 components have high electrical resistivity to ensure that eddy current losses 
occur within medium 114 and not within the outside walls of multipurpose chuck apparatus 100 in order to avoid 
direct heating of the outside walls (cylinders 136 and 120). 

45 In summary, a multipurpose chuck apparatus uses a radio frequency induction heating coil to heat a me- 

dium within a chamber. The medium consists of a low melting point and high boiling points (low vapor pressure) 
material with relatively low electrical resistivity, such as tin or indium or bismuth or their alloys. Achuck member 
separates the medium from a semiconductor wafer that is placed within a process area for appropriate semi- 
conductor processing. The medium heats the semiconductor material through the chuck member for high tem- 

50 perature processing. The RF induction heating coil generates a secondary current within the medium that caus- 
es eddy current losses which heat up the medium. The eddy current losses also induce fluid flow within the 
medium to provide uniform temperature distribution throughout the medium. A mixing member assembly within 
the chamber further intermixes the medium to ensure complete uniform wafer temperature distribution. Tem- 
perature control of the semiconductor material over a wide range may also be achieved through cooling tubes 

55 running within the chamber and into the chuck member. The cooling tubes are isolated from the medium to 
provide chilled fluid such as compressed air or helium to the chuck plate in order to decrease the temperature 
of the semiconductor material for temperature control in low temperature processing and rapid thermal proc- 
essing. Fluid cooling of the RF induction heating coil and the outer housing of the multipurpose chuck appa- 
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ratus, along with appropriate insulation, ensures that the outer shell of the multipurpose chuck apparatus re- 
mains at room temperature. 

Thus, it is apparent that there has been provided, in accordance with the present invention, a method and 
apparatus for uniform semiconductor material processing that satisfies the advantages set forth above. Al- 
though the preferred embodiment has been described in detail, it should be understood that various changes, 
substitutions, and alterations can be made herein. For example, though specific materials are mentioned for 
particular aspects of the chuck apparatus, the chuck apparatus may be made of other materials and employ 
other elements with similar effectiveness. Other examples are readily ascertainable by one skilled in the art 
and could be made without departing from the spirit and scope of the present invention as defined by the fol- 
lowing claims. 



Claims 

1. Apparatus for semiconductor material processing, comprising: 
a chamber for holding a medium; 

a chuck member enclosing an end of said chamber, said chuck member separating said medium from a 
semiconductor material outside said chamber and in contact with said chuck member; 
a heating coil surrounding said chamber for transforming said medium into a high temperature fluid state, 
said medium heating said semiconductor material through said chuck member. 

2. The apparatus of claim 1 , further comprising: 

a rotating member within said chamber for mixing said medium to provide a uniform temperature distrib- 
ution across said semiconductor material. 

3. The apparatus of claim 2, wherein said rotating member has fins attached thereto in a vicinity of said chuck 
member to ensure said uniform temperature distribution occurs. 

4. The apparatus of claim 2 or claim 3, further comprising: 

a magnetic rotation device connected to said rotating member for turning said rotating member from out- 
side said chamber. 

5. The apparatus of any preceding claim, further comprising: 

a coolant tube within said chamber for providing a cooling fluid within said chuck member. 

6. The apparatus of claim 5, wherein said semiconductor material is cooled and heated within a temperature 
range of approximately minus 150 degrees Celsius to over 1000 degrees Celsius. 

7. The apparatus of any preceding claim, further comprising: 

an insulation layer surrounding said heating coil to ensure that a temperature outside the multipurpose 
chuck apparatus remains at near room temperature regardless of temperature of said medium. 

8. The apparatus of any preceding claim, wherein the heating coil is a radio frequency induction heating 
coil surrounding said chamber for producing eddy current losses within said medium, said eddy current 
losses heating said medium and causing inter-mixing fluid flows within said medium to uniformly distribute 
temperature throughout said medium. 

9. The apparatus of claim 8, wherein said radio frequency induction heating coil operates within a frequency 
range of 10-50 kilohertz. 

10. The apparatus of any preceding claim, wherein said medium is tin. 

11. A method carrying out a semiconductor fabrication process, comprising the steps of: 
placing a medium within a chamber enclosed by a chuck member; 

transforming the medium into a high temperature fluid state said medium heating a semiconductor ma- 
terial in contact with said chuck member and outside said chamber. 



12. The method of claim 11, wherein the transforming step comprises: 

producing eddy current losses within said medium, said eddy current losses heating said medium and 
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causing inter-mixing fluid flows within said medium to uniformly distribute temperature throughout said 
medium. 

13. The method of claim 11 or claim 12, further comprising the step of: 

stirring said medium to obtain complete uniform temperature distribution within said medium in the vicinity 
of said chuck member such that said semiconductor material has a same temperature at different points 
across the entire area of said semiconductor material. 

14. The method of any of claims 11 to 13, further comprising the step of: 

introducing a cooling fluid within said chuck member to provide temperature control of said semiconductor 
material, said cooling fluid further providing low- temperature and rapid thermal processing fabrication ca- 
pabilities. 

15. The method of any of claims 11 to 14, further comprising the step of: 

introducing a heating fluid within said chamber to fill said chamber above said medium and enhance heat- 
ing of said medium. 
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frequency induction heating coil (130). The medium 
(114) heats up a semiconductor material (118) 
through a chuck member (116) that separates the 
medium (114) from the semiconductor material 
(118). The heating performed by the radio 
frequency induction heating coil (130) generates a 
fluid flow within the medium (114), providing a 
uniform temperature distribution throughout the 
medium (114). A magnetic rotation device (144, 
146) controls movement of rotating member (121) 
having a mixing member (122) and rotating fins 
(184, 186) to ensure complete uniform temperature 
distribution throughout the medium (114), 
especially in the vicinity of the chuck member 
(116). An inlet cooling tube (122) and an outlet 
cooling tube (124), isolated from the medium (114) 
provide cooling fluid to the chuck member (116) 
for temperature control of the semiconductor 

n 

material (118). LJ 
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